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Abstract
Objective
The present study investigates whether youths with childhood-onset antisocial behavior
have higher rates of psychiatric illness, neuropsychological and psychosocial dysfunction
than youths who engage in antisocial behavior for the first time in adolescence. Prior studies
have generally focused on single domains of function in heterogeneous samples. The pres-
ent study also examined the extent to which adolescent-onset antisocial behavior can be
considered normative, an assumption of Moffitt’s dual taxonomy model.
Method
Forty-three subjects (34 males, 9 females, mean age = 15.31, age range 12–21) with a diag-
nosis of conduct disorder (CD) were recruited through Headspace Services and the Juve-
nile Justice Community Centre. We compared childhood-onset antisocial youths (n = 23)
with adolescent-onset antisocial youths (n = 20) with a conduct disorder, across a battery of
psychiatric, neuropsychological and psychosocial measures. Neuropsychological function
of both groups was also compared with normative scores from control samples.
Results
The childhood-onset group displayed deficits in verbal learning and memory, higher rates of
psychosis, childhood maltreatment and more serious violent behavior, all effects associated
with a large effect size. Both groups had impaired executive function, falling within the ex-
tremely low range (severely impaired).
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Conclusions
Childhood-onset CD displayed greater cognitive impairment, more psychiatric symptoms and
committed more serious violent offences. The finding of severe executive impairment in both
childhood- and adolescent-onset groupings challenges the assumption that adolescent-
onset antisocial behavior is a normative process.
Introduction
Findings in the youth offender literature indicate that psychiatric symptoms, neuropsychologi-
cal deficits and psychosocial factors play a role in the aetiology and maintenance of violence
and aggression [1–7]. However, the extant literature is characterized by a variety of limitations
[8] including a focus on adult incarcerated populations, defining age of onset by first criminal
charge (rather than initial behavioral difficulties), disorder heterogeneity and a focus on dis-
crete and singular domains of function (rather than a profile of deficits). Here we examine dif-
ferences between adolescents with either childhood- or adolescent-onset conduct disorder
across a battery of psychiatric, neuropsychological and psychosocial measures.
The Prevalence of Mental Illness in Violent Offenders
Mental health problems are over-represented amongst incarcerated adults and youths in sever-
al countries, with rates higher than in the general community [9–13]. High rates of psychiatric
comorbidity have been reported in child and adolescent community samples [14–17], and the
prevalence of risk factors such as substance use [18–21] and a history of violence [22–23] are
also high.
Neuropsychological Deficits in Delinquent Youth
Areas of cognitive function most frequently identified as showing deficits in delinquent youth
include IQ, verbal learning and memory and the executive functions [7], among subjects with
CD [24], [8], adolescent girls [25–26] and those with comorbid bipolar disorder [27]. However,
few studies have addressed problems associated with heterogeneity. Childhood- and adolescent-
onset CD is often combined into a single group, and other disorders such ADHDmay influence
findings, factors taken into consideration in the present study.
Life-Course Persistent Offenders versus Adolescent-Onset Offenders
Moffit’s dual taxonomymodel [7] proposes that different aetiologies and developmental courses
define the onset of offending. According to this model, life-course persistent antisocial behavior
begins in early childhood and continues throughout adulthood, while offenders with adolescent-
onset antisocial behavior desist in young adulthood. However, recent studies [28–30] have ques-
tioned this theory by showing similar neurophysiological profiles in both childhood- and adoles-
cent-onset CD. For instance, Fairchild et al. [28] found impairments in emotional processing
and fear conditioning in both CD subgroups, and Roisman et al. [30] found social disadvantage
from infancy for children who showed antisocial behavior primarily in adolescence, challenging
the assumption that adolescent-onset CDmay be normative. These authors suggest that revision
of the model of the development of antisocial behavior may be necessary. The current study,
therefore, sought to test the validity of Moffitt’s [31] model by examining variability in violent be-
havior and neuropsychiatric function.
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Risk Factors for Antisocial Youth
According to Moffit’s taxonomical model, childhood-onset antisocial youth will be more vulner-
able to risk factors across multiple domains including neuropsychological dysfunction [32–33],
mental-health problems, poor parenting [34], substance use disorders [11], learning difficulties
and poor school attendance [35], head injuries [36], [32–33] and childhood maltreatment and
trauma [37–38]. Moffit’s review [6] across 47 studies, found that antisocial youth, in general,
were impaired in two specific cognitive domains: language-based verbal skills and “executive”
self-control functions. These studies found strong effect sizes even when “young people who are
temporarily experimenting with mild delinquent acts are lumped together with young people
whose antisocial behaviors are more serious, persistent or physically aggressive” [7] [39]. Howev-
er, these two groups could be further conceptualized as youth with varying risk. The greater the
number of risk domains, the higher the risk of violence, as violence is the “end product of a chain
of events over the course of a child’s development, where risks accumulate and reinforce each
other” [40–41].
More recently, Fairchild et al. [42] reviewed the developmental taxonomic theory of antiso-
cial behavior, reporting that both CD subtypes display emotion-processing deficits, changes in
brain structure and function, as well as alteration in cortisol secretion.
Research in this field clearly indicates that neuropsychiatric and developmental risk factors
are integral to the aetiology of aggression and violence. However, many investigations into an-
tisocial youth have struggled with disorder heterogeneity. Delinquency research has not always
accounted for comorbidity, with dual diagnoses of conduct disorder and ADHD resulting in
the poorest outcomes and strongest predictors of adult crime [7].
The current study examines psychiatric, neuropsychological and psychosocial risk factors in
non-institutionalized samples. It was hypothesized that childhood-onset CD youth would dis-
play more severe psychiatric symptoms, neuropsychological deficits, including verbal and exec-
utive deficits in particular, and higher frequency of family dysfunction and child maltreatment
than their adolescent-onset peers. Furthermore we expected that the early-onset group would
be characterized by more violent behavior than the adolescent-onset group.
Method
Participants
Forty-three young people (age range: 12–21 years, M: 15.31, SD: 2.3; gender: M: 34, F: 9) who
had engaged in violent and antisocial behavior were recruited for this study through Headspace
Services (n = 28)—a group specializing in the assessment and early intervention in mental
health problems in young people [43–44]—and a Juvenile Justice Community Centre (n = 15).
Sampling from two relevant service providers allowed a sufficient sample to be recruited, and
provided a broader spectrum of people with actual offending and mental-health problems. In-
clusion criteria included persons aged between 12 and 21 years and DSM-IV-TR criteria for a
diagnosis of conduct disorder (CD). All young people included in the study were living in the
community, either within their family homes or in non-government run group homes for
young people.
Ethics Statement
This study protocol was approved by the Human Research Ethics Committee at the University
of Sydney (Ref No. 02-2009/11107). Participants were informed that participation was entirely
voluntary, and if they agreed to participate, that they were able to withdraw consent at any
phase of the study without prejudice. Participants 18 years and older were required to sign a
Neuropsychiatry of Antisocial Youth
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“Participant Consent Form”, while parents or guardians of participants under 18 years of age
were required to give written consent via the “Parental (or Guardian) Consent Form” alongside
consent of the child. Participants and their legal guardians were informed of the limits of confi-
dentiality regarding offending behavior, via the information sheet provided, as well as a script
read aloud to participants prior to the commencement of the clinical interview. All participants
under the Juvenile Justice System were accompanied by a caseworker, who provided additional
information regarding a participant’s capacity to consent. If mental-health problems were
identified during the assessment process for a participant, they were offered information re-
garding treatment or referred to a mental-health clinician at Headspace Services, Camperdown,
Sydney, Australia.
Procedure
Psychiatric symptoms, neuropsychological deficits and psychosocial risk factors were deter-
mined using a variety of measures, which are described below. A psychiatrist or clinical psy-
chologist conducted clinical interviews for all potential participants, and a diagnosis of CD was
given if DSM-IV-TR criteria for the disorder were met. Age of onset was defined using the
DSM-IV-TR [45] criteria based on the presence of three of 15 behavioral criteria, with the pres-
ence of one characteristic behavior prior to age 10 differentiating childhood-onset from the ad-
olescent-onset subtype. An absence of any criteria characteristic of conduct disorder prior to
the age of 10 years was required to meet the criteria for adolescent-onset subtype. Identification
of the childhood-onset group was determined through a series of questions asked during the
clinical interview. They were: “When did you first start to get into trouble with police?”;
“When were you first arrested by the police?”; date of first (if any) court appearance; “When
did you first start breaking into places; stealing other people’s possessions, including breaking
into cars?”
Initial attempts were made to collect parent reports on symptom onset, however many
young people reported fractured family backgrounds suggesting that parent reports may be un-
reliable. Other difficulties encountered in collecting parent reports were the non-compliance of
the parent or primary carer to complete forms. A number of young people had Juvenile Justice
caseworkers who provided useful information regarding a young person’s level of
overall functioning.
Young people determined to be child-onset versus adolescent-onset were separated into the
two groups with the former group containing 23 subjects, and the latter containing 20 subjects.
Demographic information regarding a participant’s childhood experience of maltreatment, head
injury, family dysfunction and severity of violent behavior was obtained through clinical inter-
view. Evidence for a comorbid diagnosis of ADHDwas determined through clinical interview.
Psychiatric Measures
Kessler Psychological Distress Scale-10. The Kessler psychological distress scale (K-10)
[46–47] is a widely used, simple self-report measure of psychological distress consisting of 10
items and scored using a five-level response scale based on the frequency of symptoms reported
for each question. It is useful in the identification of individuals who need further assessment
for anxiety and depression. Scores under 20 are likely to be well. Scores between 25 and 29 are
likely to have moderate mental disorder and scores 30 and over are likely to have a severe men-
tal disorder [47].
Depression Anxiety Stress Scale 21. The Depression Anxiety Stress Scale 21 (DASS) is a
valid and reliable measure of depression, anxiety and stress separately [48–49]. Each of the three
DASS-21 scales contains seven items, divided into subscales with similar content. The depression
Neuropsychiatry of Antisocial Youth
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scale assesses dysphoria, hopelessness, devaluation of life, self-deprecation, lack of interest/in-
volvement, anhedonia and inertia. The anxiety scale assesses autonomic arousal, skeletal muscle
effects, situational anxiety, and subjective experience of anxious affect. The stress scale is sensitive
to levels of chronic non-specific arousal. It assesses difficulty relaxing, nervous arousal, and being
easily upset/agitated, irritable/over-reactive and impatient. Scores for depression, anxiety and
stress are calculated by summing the scores for the relevant items. The DASS-21 was adminis-
tered to determine mild = 0-4/moderate = 5-9/severe = 6–10/extremely severe scores = 11+ for
each DASS scale.
Hamilton Depression Rating Scale. Hamilton Depression Rating Scale (HAM-D) is a cli-
nician-administered rating scale to assess symptom severity in depressive disorders. Symptoms
are rated on a severity scale in individuals otherwise diagnosed with depression. It is a ques-
tionnaire used to provide an indication of depression and as a guide to evaluate recovery. Al-
though the HAM-D form lists 21 items, the scoring is based on the first 17 items. Eight items
are scored on a 5-point scale, ranging from 0 = not present to 4 = severe. Nine are scored from
0–2. A score of 0–7 is considered to be normal. Scores of 16 or higher indicate full symptomatic
status [41].
Brief Psychiatric Rating Scale. The Brief Psychiatric Rating Scale (BPRS) [50] is a 24-item
scale for the identification and quantification of psychiatric symptoms. The instrument contains
24 ordered category-rating scales to assess positive and negative symptomatology in discrete
symptom areas. The BPRS is a sensitive and effective measure both of psychopathology and of
treatment-related symptom changes [51]. Suggested cut-off scores for the BPRS have usually re-
lated to the total score rather than sub-scales. A range of 31 to 40 relates to a “minimally ill”
level of psychological distress; 41 to 53 relates to “moderately ill”; and above 53 is considered
“markedly ill” level of psychological distress [52–53]. The BPRS Total score will therefore be
used to determine cut-offs for the two groups.
Neuropsychological Measures
Trained research psychologists administered a battery of neuropsychological tests covering a
number of cognitive domains including Intellectual Ability, General Knowledge, Processing
Speed, Simple Attention, Sustained Attention, Working Memory, Learning &Memory—Verbal,
Learning &Memory—Visual, Visual Spatial, Executive Functioning, Cognitive Flexibility, Exec-
utive Functioning—Verbal Fluency. Measures were combined into composites if they measured
similar areas of cognitive functioning. Test scores were converted to z-scores to ensure common
means and standard deviations and then summed and averaged. All the tests had recent norms
that are representative of the age and educational status for the population under investigation.
All the instruments were well standardized, reliable and validated in prior studies. The test bat-
tery was designed to assess: intellectual ability, speed of information processing, working memo-
ry, executive function, planning and organization, simple and sustained attention, visual spatial
skills, visual and verbal learning and memory and processing speed. Table 1 is a description of
how neuropsychological measures were interpreted using standardized scores [46].
Wechsler Test of Adult Reading. TheWechsler Test of Adult Reading (WTAR) [54] con-
sists of a word reading list and estimates IQ. It has been co-normed with the third editions of
the Wechsler Adult Intelligence and Memory Scales. The WTAR also has the advantage of of-
fering three methods by which to estimate IQ, based on reading performance, demographic in-
formation or a combination of the two. In the design of the WTAR, the demographic
prediction tables were co-normed with the widely used Wechsler Adult Intelligence Scale
(WAIS) and Wechsler Memory Scale (WMS). TheWider Range Achievement Test R
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(WRAT-R) [55–56] is the child version of academic achievement, administered to participants
16 years and younger.
Wechsler Adult Intelligence Scale-III. TheWechsler Adult Intelligence Scale-III (WAI-
S-III) Information is a subscale of the verbal IQ score and is a measure of general knowledge
[55]. TheWechsler Intelligence Scale for Children-III (WISC-III) Information was administered
to participants 16 years and younger.
Trail-Making Test. The Trail-Making Test (TMT) is a measure of attention, speed and
mental flexibility. It consists of parts A and B. Both parts of the Trail Making Test consist of 25
circles distributed over a sheet of paper. In Part A, the circles are numbered 1–25, and the pa-
tient is required to draw lines to connect the numbers in ascending order. In Part B, the circles
include both numbers (1–13) and letters (A–L); as in Part A, the participant draws lines to con-
nect the circles in an ascending pattern, but with the added task of alternating between the
numbers and letters (i.e., 1–A–2–B–3–C, etc.). The participant should be instructed to connect
the circles as quickly as possible, without lifting the pen or pencil from the paper. Part B of the
TMT has been found to be the most sensitive to frontal damage and involves the ability to al-
ternate between, and maintain, two sets of stimuli [57].
Controlled Oral Word Association Test. Controlled Oral Word Association Test, abbre-
viated COWA or COWAT, is a verbal fluency test that measures spontaneous production of
words belonging to the same category or beginning with some designated letter. The partici-
pant is asked to name words beginning with a letter, excluding proper nouns, for one minute
and this procedure is repeated three times. The most common letters used are F, A, and S be-
cause of their frequency in the English language. The examiner must quickly write down the
words provided by the participant on a piece of paper. Word generation has been found to be a
reliable test of left frontal and executive functions [54]. The Controlled Oral Word Association
Test [58–59] evaluates the spontaneous production of words under restricted conditions.
Cambridge Neuropsychological Test Automated Battery. The Cambridge Neuropsycho-
logical Test Automated Battery (CANTAB) is a computer-administered, nonverbal (visually
presented) set of tasks developed to examine specific components of cognition. The software
comprises one screening test and 12 principal tests from the CANTAB system [60–62]. The
CANTAB is designed to test different aspects of mental functioning so that a profile of perfor-
mance can be constructed, including independence of executive measures and memory factors
[63]. The CANTAB subtests consist of: spatial span, choice reaction time, rapid visual process-
ing, intra/extra-dimensional shift, paired associated learning. The test scores are computer gen-
erated and give a rating from impaired to high average for: simple and sustained attention,
visual and verbal learning and memory, working memory, speed of information processing, vi-
sual spatial skills and executive function.
Verbal memory. Immediate and delayed verbal memory was measured using the Logical
Memory subscale of the Wechsler Memory Scale (WMS-III) [64]. Participants were required
Table 1. Description of standardized scores for neuropsychological tests.
Description Z Scores
Very superior 2.00
Superior 1.30 to 1.99
High Average 0.68 to 1.29
Average -0.68 to 0.67
Low Average (Mildly Impaired) -1.29 to -0.67
Borderline (Moderately Impaired -1.99 to -1.30
Extremely Low (Severely Impaired -2.00
doi:10.1371/journal.pone.0121627.t001
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to recall stories A and B after a 30-minute delay. The examiner records the number of free re-
call and thematic units.
Rey Auditory Verbal Learning Test. The Rey Auditory Verbal Learning Test (RAVLT) is
a test of memory where the examiner reads a list of 15 concrete nouns. The examinee recalls as
many as possible in any order through five administrations and a recognition trial. It allows for
the identification of memory impairment and is a measure of verbal memory.
Rey Complex Figure Test. The Rey Complex Figure Test (RCFT) is a test for the evalua-
tion of visuospatial constructional ability and visual memory. It is a tool for measuring execu-
tive function underpinned by prefrontal lobe functioning. The RCFT consists of three test
conditions: Copy, Immediate Recall and Delayed Recall. Subjects are given the RCFT stimulus
card and asked to draw the same figure, then asked to draw what they remember. Then after a
30-minute delay they are requested to draw the same figure again. RCFT recall is sensitive to
mild neuropsychological impairment in a variety of clinical populations [58]. Traumatically
brain-injured patients tend to have difficulty performing in CFT recall trials.
Psychosocial Measures
Social and Occupational Functioning Assessment Scale. Psychosocial factors were mea-
sured on the Social and Occupational Functioning Assessment Scale (SOFAS) and various
items on the semi-structured interview. The SOFAS is a clinician-administered measure of
problems in social, occupational and interpersonal functioning. It measures the frequency
of social activities across seven subscales: withdrawal/social engagement, interpersonal commu-
nication, independence-performance, independence-competence, recreation, prosocial and
employment/occupation. It focuses exclusively on the individual’s level of social and occupa-
tional functioning and is not directly influenced by the overall severity of the individual’s psy-
chological symptoms [46].
Severity of Dependence Scale. Participants were also administered the Severity of Depen-
dence Scale (SDS) [65], which is a short, clinician-administered rating scale used to measure
the degree of dependence experienced by users of different types of drugs. The SDS contains
five items, all of which are explicitly concerned with psychological components of dependence.
These items are specifically concerned with impaired control over drug taking and with preoc-
cupation and anxieties about drug use. Higher scores indicate higher levels of dependence. It is
primarily a measure of compulsive use, which is a central component of dependence.
Family Dysfunction Measures. Three household dysfunction variables were used in the
study: Household mental illness, Household substance use disorders and Household learning
disability, all binary, self-report measures. Each variable is comprised of information taken
from the subject’s family history. Many participants tended to be poor historians, therefore it
was difficult to quantify the number of family members affected and the severity of the disorder
for each family member on each variable.
Household mental illness refers to the degree of mental-health problems in the young per-
son’s immediate family. Mental-health problems include mood and psychotic disorders.
Household SUDS refers to the incidence of drug and alcohol use in the young person’s immedi-
ate family. Household learning disability refers to the incidence of learning disabilities, includ-
ing autism spectrum disorders and Asperger’s disorder in the young person’s immediate
family. There were a number of self-report measures taken during the clinical interview that
were included in the analysis as binary social/environmental variables. These include: Child-
hood physical abuse, Incidence of head injury, Substance use and School attendance.
Neuropsychiatry of Antisocial Youth
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Severity of conduct disorder. A binary variable measuring the degree of aggression and
violence the young person has engaged in. This measure relates to the “Severity Specifiers” for
conduct disorder categorization in the DSMIV-TR.
Level 1 is a mild to moderate level of violence and antisocial behavior and includes damage
to property, initiating physical fights either in the home and school, bullying and threatening
behavior; truanting from school, school suspensions and expulsions, aggression toward others.
Level 2 is a more severe level of violence and antisocial behavior and includes serious as-
saults leading to charges and convictions. Offences include break and enter, use of a weapon,
armed robbery and attempted murder.
Data and Statistical Analysis
All statistical analyses were performed using SPSS, version 20 (SPSS Inc., Chicago, Illinois,
USA). The various psychiatric, neuropsychological and psychosocial variables were subjected
to independent t-test (continuous variables) and chi square (for categorical variables) analyses
to determine whether early- and late-onset antisocial youth could be distinguished on specific
risk factors identified in the literature. Participants were excluded from the study at the point
of statistical analysis if they were identified as an outlier deemed to be 1.5 times the interquar-
tile range on all neuropsychological measures. All language-based neuropsychological tests
were corrected for years of education within standardized scoring calculations and were appro-
priately normed. Significant effects were set at p< .005 for t tests and chi-square allowing for a
delicate balance between Type I and Type II errors. Cohen’s d effect size statistics were calculat-
ed for each pair-wise comparison consistent with efforts towards “meta-analytic thinking”
[66]. Cohen’s guidelines [67–68] identify 0.2, 0.5, and 0.8 as small, medium, and large effects,
respectively. Odds ratios were calculated for chi square statistics indicating the degree of associ-
ation between binary variables.
Neuropsychological Composites
Composite measure of executive function. A composite measure of variables was created
using the SPSS “compute variable” procedure to measure the construct “executive function”
across the delinquency group. Three neuropsychological tests, namely Trail Making Test A
and B, Intra/Extra Dimensional shift and COWAT animals and letters were included in the
composite as they each measure various aspects of executive function [58]. The Trail Making
Test A and B measures visuo-motor tracking, divided attention and cognitive flexibility and is
sensitive to frontal lobe lesions [57]. Word fluency and the generation of word lists on the Con-
trolled Oral Word Association Test, F-A-S, is a sensitive indication of brain dysfunction, par-
ticularly within the frontal area. People with frontal-lobe lesions have reduced letter and
category fluency and therefore deficient retrieval strategies. Intra-extra Dimensional Shift is a
test of rule acquisition and reversal. It measures the visual discrimination, attentional set for-
mation maintenance, shifting and flexibility of attention and, therefore, is primarily sensitive to
changes in the frontal areas of the brain [69].
Composite measure of auditory verbal learning and memory (RAVLT). Comprised
items on the Rey Auditory Verbal Learning and Memory test: RAVLT sum, A6 and A7 and
produced through the SPSS “compute variable” procedure. A6–A7 measures susceptibility to
proactive and retroactive interferences and correlates moderately with measures of immediate
recall (Sum A1-A5) [58].
Psychiatric Composite
The BPRS Total score was used as a general measure of psychiatric symptoms.
Neuropsychiatry of Antisocial Youth
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Psychosocial Composite
Composite measure for family dysfunction. Comprised the three Household Dysfunc-
tion measures: Household mental illness, Household SUDS and Household learning disability,
which were manually collated from the categorical dataset.
Results
Participant Characteristics
Among the 43 young persons assessed (age range: 12–21 years, M: 15.31, SD: 2.3; gender: M:
34, F: 9), no significant differences between age-of-onset groupings were found regarding the
subject’s age at assessment (t(41) = -1.02, p = .31), or for diagnosis of ADHD χ2(2, N = 43) =
4.6, p = .10). Of the 23 early-onset youths, 16 were diagnosed with comorbid ADHD. The late-
onset group, comprising 20 participants, had 13 individual with comorbid ADHD. There were
no significant differences observed between groups for gender, (χ2(1, N = 43) = 1.8, p = .17),
with the early-onset group containing three females versus six females in the late-onset group.
Among the youths, those with early-onset CD had significantly lower levels of education than
did the late-onset youths (t(41) = -2.35, p = .02). Table 2 refers to means, standard deviations,
effect sizes and frequencies for participant characteristics with odds ratios and confidence in-
tervals at 95% for nominal data.
Psychiatric data
Groups differed significantly on the BPRS total (t(38) = 2.5, p = .01) with the early-onset group
exhibiting more psychotic like symptoms, such as hallucinations, delusions, disorientation,
mania and negative symptoms. Both groups fell within the “minimally ill” level, however the
early-onset group were further along the scale toward the “moderately ill” level. The groups
also differed significantly on the YMRS (t(23) = .2.6, p = .001, with both groups falling below
the12 cut-off score of threshold symptomatology. No significant differences were observed
between the groups on the DASS21, with depression (t(36) = .13, p = .81, anxiety (t(37) = .67,
Table 2. Participant Characteristics.
Childhood-onset CD Adolescent-onset CD Cohen’s d
(M ± SD) (M ± SD)
N 23 20
Gender M: 20 (87%)F: 3 (13%) M: 14 (70%)F: 6 (30%)
Age at Assessment 15 ± 2.29 15.75 ± 2.51 .3
Years of Education 8.39 ± 1.67 10 ± 2.75 .71
Subjects Age at Assessment
Years Frequency
12 4 1 5
13 2 2 4
14 4 4 8
15 5 5 10
16 2 1 3
17 3 3 6
18 2 1 3
19 1 1
21 1 2 3
Total 23 20 43
doi:10.1371/journal.pone.0121627.t002
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p = .83 and stress (t(37) = .78. p = .76, falling within the moderate to severe range in symptom
severity; while both groups fell within the “minimally ill” range on the Kessler-10 (t(38) = -.43,
p = .28, and the HAMD (t(38) = 1.4, p = .4.
The groups showed significant differences with regard to “Severity of Conduct Disorder”
(χ2 (1, 43) = 7.3; p = .007) and “Contact with Law Enforcement Agencies” (χ2 (1, N = 43) =
8.2; p = .006) with the early-onset group committing more serious and violent offences [Child-
hood onset: 14 (77.8%); Adolescent onset: 4 (22.2%)], as well as having more contact with po-
lice and the juvenile court system [Childhood onset: 18 (78%)]; Adolescent onset: 8 (40%)].
There were no significant differences for the group regarding “Severity of Dependence-Primary
Drug” (χ2 (3, 43) = 5.0; p = .17), and “Head Injury” (χ2 (3, N = 43) = 2.1; p = .15),
Neuropsychological data
Groups differed significantly on the RAVLT composite (t(41) = -3.3, p = .002) with the early-
onset group performing worse on these measures. No significant differences were observed be-
tween groups on WTAR/WRAT (t(41) = -2, p = .05), WAIS/WISC Information (t(40) = -1.5,
p = .15), Choice Reaction Time—simple movement time (t(34) = 1.58, p = .12),—simple reac-
tion time (t(36) = -0.21, p = .05),– 5 choice movement (t(36) = -0.21, p = .83),– 5 choice reac-
tion (t(36) = -1.24, p = .22), Mental Control/Sequences (t(40) = -0.16, p = .87), Rapid Visual
Processing A (t(38) = -1.6, p = .12), Rapid Visual Processing B (t(35) = -2.0, p = .05), Rapid Vi-
sual Processing mean latency (t(36) = -1.7, p = .09), Paired Associate Learning-total errors ad-
justed (t(39) = -0.94, p = .35), Paired Associate Learning-total errors 6 shapes (t(38) = -0.53,
p = .59), spatial span length (t(39) = -2.6, p = .01), Trail Making Test A (t(39) = -1.73, p = .04
and B (t(41) = -1.5, p = .3, Logical Memory 1 (t(17) = -1.2, p = .04, 2 (t(17) = -1.9, p = .04 and
Rey Auditory Verbal Learning B1 (t(41) = -1.04, p = .4 and Executive Function composite (t
(36) = -1.38, p = .17).
Score interpretation (Table 1) shows that the RAVLT (M = -3.13 and SD = 3.23) for early-
onset CD fell within the Extremely Low (Severely Impaired) range while the late-onset CD fell
within the Average Range score (M = 0.18 and SD = 3.35). Both the early-onset (M = -5.6 and
SD = 7.5) and late-onset (M = -2.2 and SD = 7.3) scores for “Executive Function” fell within
the Extremely Low range (Severely Impaired) with no significant difference between the two
groups. Mean scores for the remaining neuropsychological tests, including IQ, fell within the
average to below-average range of functioning.
Psychosocial data
Significant differences were observed between groups for “Childhood Physical Abuse”
(χ2 (1, N = 37) = 9.9; p<.005) with child abuse being more frequently observed in conjunc-
tion with childhood-onset CD [Childhood-onset: 12 (67%); Adolescent-onset: 3 (16%)].
There were no significant differences for “Current Living Arrangements—living in a single par-
ent household” (χ2 (3,N = 42) = 7.1; p = .06), “Household Mental Illness” (χ2 (2, N = 43) = 1.2;
p = .55), “Household Learning Disability” (χ2 (2, N = 43) = 2.1; p = .35) and “Household SUDS”
((χ2 (2,N = 43) = 1.6; p = .45). Table 3 refers to means, standard deviations and effect sizes for
neuropsychological and psychiatric measures and psychosocial risk factors with odds ratios and
confidence intervals at 95% for nominal data.
Discussion
The current study examined psychiatric, neuropsychological and psychosocial risk factors in
distinguishing childhood- from adolescent-onset CD. Childhood-onset conduct disorder was
characterized by: (1) impairment of verbal learning and memory (as indicated by the RAVLT);
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(2) higher reporting of childhood physical abuse; (3) higher rates of mental-health problems,
specifically psychotic-like symptoms, but not depression and anxiety; (4) lower levels of educa-
tion; (5) more contact with police and juvenile justice agencies; and (6) committing more seri-
ous, violent offences. All findings were associated with large effect sizes.
Childhood-onset CD youths displayed global cognitive impairment across executive function,
verbal learning and memory. They were significantly more likely to suffer from neuropsychologi-
cal deficits measured by the RAVLT, a finding associated with a large effect size. The RAVLT
evaluates verbal learning, memory and auditory processing, and includes functions such as pro-
active inhibition, retroactive inhibition, retention, encoding versus retrieval and subjective orga-
nization [54]. Performance IQ was observed to be greater than Verbal IQ in a number of
delinquency studies which suggests childhood onset CD youth may suffer from a specific deficit
in language manipulation. Verbal deficits affect receptive listening and reading, problem solving,
expressive speech, writing and memory for verbal material [70] and it has been suggested that
verbal ability is a necessary skill for self-control of behavior, as it influences the success of sociali-
zation, beginning with parent-child interactions [7–8]. Our results support previous findings as
subjects performed poorly in language-based neuropsychological tests and memory tests, but not
in non-language-based tests. Our study provides an important contribution as it focused on a
more homogeneous CD group, rather than relying on a delinquency cohort.
Both childhood- and adolescent-onset groups were in the “severely impaired” range for ex-
ecutive functioning. Both verbal and executive-function deficits are likely to contribute to the
antisocial behavior in these groups, reducing the child’s ability to control their own behavior
and therefore act out impulsively. These results suggest a shared vulnerability, with
Table 3. Neuropsychological, Psychiatric and Psychosocial Measures.
CO CD (M ± SD) AO CD (M ± SD) Cohen’s d
Childhood onset Adolescent onset
PSYCHIATRIC MEASURES
BPRS total 38.7 ± 9.87 31.7 ± 6.64 .83
ADHD 16 (70%) 13 (65%)
YMRS 6.36 ± 9.2 0.7 ± 1.9 .85
HAMD 7.0 ± 5.3 4.8± 4.9 .43
Kessler-10 19.8 ± 5.6 20.8 ± 8.3 .14
DASS depression 9.6 ± 11.1 9.1 ± 9.9 .04
DASS anxiety 7.1 ± 6.4 5.7 ± 6.4 .22
DASS stress 13.5 ± 10.4 10.8 ± 11.3 .25
Severity of CD 14 (77.8%) 4 (22.2%)
Severity of Primary Drug Dependence 12 (66.7%) 6 (33.3%)
NEURO- PSYCHOLOGICAL DATA
Head Injury 9 (69.2%) 4 (30.8%)
RAVLT composite -3.13 ± 3.23 0.18 ± 3.35 1.00
Spatial Span -0.68 ± .81 0.10 ± 1.10 .81
Executive function composite -5.6 ± 7.5 -2.2 ± 7.3 0.5
PSYCHOSOCIAL DATA
Childhood Abuse 12 (67%) 3 (16%)
Contact with law enforcement 18 (78%) 8 (40%)
Household dysfunction composite 4.6 ± 0.93 5.1 ± 1.2 0.5
BPRS: Brief Psychiatric Rating Scale; ADHD: Attention Deﬁcit Hyperactivity Disorder; YMRS: Young Mania Rating Scale; K-10: Kessler-10; DASS:
Depression Anxiety Stress Scale; RAVLT: Auditory Verbal Learning and Memory composite.
doi:10.1371/journal.pone.0121627.t003
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dimensional differences in brain development related to executive function between the two
groups. Any degree of impairment with cognitive function is likely to place a young person at
risk of impulsive behavior and poor decision-making. Our results suggest that adolescent-
onset CD may not be a normative process, as the adolescent-onset sub-group also displays im-
pairment in executive function. This is consistent with previous studies [28–30] showing simi-
lar neurophysiological profiles in both childhood- and adolescent-onset CD.
Both childhood- and adolescent-onset groups reported moderate to severe depression, anxi-
ety and stress symptoms using a range of depression and anxiety measures, with no significant
differences between the two groups. Childhood-onset youth had a significantly higher mean
score on the Young Mania Rating Scale and the Brief Psychiatric Rating Scale than the adoles-
cent-onset youth, although they fell below the symptom threshold for both measures. Three
subjects (two childhood-onset and one adolescent-onset) who reported psychotic symptoms at
the time of interview, had previously used cannabis or hallucinogens and it was suspected that
in these cases, psychotic symptoms were substance induced, with symptoms remaining follow-
ing the cessation of substance use. Psychiatric symptoms, particularly first-episode psychosis,
have been linked with violent behavior in a number of studies [11–13], [71–72]. Although
mean scores were sub-clinical, this study provides some support for fluctuating mood and psy-
chosis emerging in early-onset youth.
Psychosocial risk factors can significantly impact and increase the risk of developing chronic
conduct problems. Parental antisocial personality disorder, alcohol dependence, mood disor-
ders and schizophrenia have been found to be higher for childhood-onset CD. Findings from
our study did not indicate significant differences between groups for family risk factors, al-
though childhood-onset youths were more likely to have experienced childhood physical abuse
than their adolescent-onset peers, a finding associated with a large effect size. Childhood-onset
youths also reported significantly fewer years at school. It was anticipated that early-onset
youths would have higher rates of substance use than adolescent-onset youths, however, the Se-
verity of Dependence Primary Drug scale did not demonstrate differences between the two
groups. This could be due to legal issues related to reporting or abstaining from substance use
whilst a young person is under a community treatment order or parole conditions. Childhood-
onset youths were also more likely to have contact with police and juvenile justice agencies as
well as committing more serious, violent crimes. Overall, there was a relationship between au-
ditory verbal learning and memory, child abuse and childhood-onset CD independent of other
risk factors.
The strengths of the study include a sample population of CD youth distinguishing for age
of onset based on the presence of behavioral difficulties. This reduces the heterogeneity usually
associated with measuring risk factors in antisocial youth populations, a significant strength of
our study. Previous studies have focused on delinquent populations in custody rather than
community settings. Few studies have examined subjects with a diagnosis of conduct disorder.
There are important distinctions between the two groups, as conduct disorder refers to a men-
tal disorder and juvenile delinquency to a legal status. Juvenile delinquency is more prevalent
than conduct disorder. A designation of juvenile delinquency only requires participation in
one illegal act [73]. Time of onset for delinquency groups is, therefore, arbitrarily based on
criminal charges rather than the onset of antisocial behavior. Focusing on the diagnosis of con-
duct disorder however—as we do here—provides a more homogeneous group for study. Fur-
thermore, delinquency research has not always accounted for comorbidity, with dual diagnoses
of conduct disorder and ADHD resulting in the poorest outcomes and strongest predictors of
adult crime [7]. In the current study, there were no significant differences for ADHD between
the two groups, suggesting that observed differences were related to age of onset of CD, rather
than the presence/absence of ADHD.
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The limitations of the study include a relatively small sample size, measures of substance
use that do not reflect usage at the time an offence was committed and demographic measures
based on self-report. Collaborative information regarding a subject’s family history would
allow for better discrimination of these factors in future studies. The two sample groups were
also overwhelmingly male, an observation that is representative of the CD population [74]. Ad-
ditionally, information on ethnicity and socioeconomic status was not consistently recorded
for participants. Finally, it is noted that testing occurred prior to the publication of DSM-5,
therefore we did not assess participants on capacity for prosocial emotions, which is now a
specifier for conduct disorder diagnosis in DSM-5. This specifier may help to identify youths
characterized by callous-unemotional traits.
In conclusion, our study reveals that childhood- and adolescent-onset CD differed for a
number of psychiatric, neuropsychological and demographic risk factors. Childhood-onset CD
performed more poorly than adolescent-onset CD for auditory verbal learning and memory
tasks, but did not differ for measures of executive function. Both groups exhibited severe im-
pairment on executive function tasks challenging theory indicating that adolescent-onset CD
may be a normative process. Childhood-onset CD also exhibited more psychotic-like symp-
toms than adolescent-onset CD. Those with childhood-onset CD reported child abuse more
frequently. Childhood-onset youths had more frequent contact with juvenile justice agencies
and they committed more serious acts of violence. This study is unique as it integrates risk fac-
tors across psychiatric, neuropsychological and psychosocial domains of function in a CD pop-
ulation, distinguishing for both the time of onset of CD as well as comorbid ADHD. Further
investigation into CD subtypes, such as CD and comorbid ADHD and CD alone, are necessary
to distinguish unique risk factors amongst sub-groups. Children with ADHD are more likely to
receive a comorbid diagnosis of oppositional defiant disorder and conduct disorder and they
are more likely to have written language disorders and executive function deficits [75]. The two
groups in the present study did not differ in rates of ADHD and were therefore controlled for,
however the small number of subjects in the subgroups limited the power of the analysis.
In conclusion, our findings provide partial support for Moffit’s dual taxonomy model in
that childhood-onset youth were found to exhibit vulnerabilities across multiple risk factors.
Children with deficits in verbal skills and executive function who are experiencing physical
trauma and childhood abuse are more likely to experience behavioral problems that set the
stage for developing violent and antisocial behavior. However, our findings also challenge Mof-
fit’s “normative” theory of adolescent onset antisocial behavior, providing support for Fair-
child’s [28] developmental theory. Our findings highlight the need for further investigation in
larger samples.
Acknowledgments
The authors acknowledge support from the Petersham Juvenile Justice Centre; Headspace Ser-
vices, Camperdown, Sydney, Australia; the Clinical Research Unit, Brain & Mind Research In-
stitute, Camperdown, Sydney, Australia; as well as all other caseworkers, clinicians and services
that facilitated access to their clients.
Author Contributions
Conceived and designed the experiments: VJ AK IH CL RH. Performed the experiments: VJ.
Analyzed the data: VJ AK CL RH IH. Contributed reagents/materials/analysis tools: VJ CL AK
IH RH. Wrote the paper: VJ AK CL IH.
Neuropsychiatry of Antisocial Youth
PLOS ONE | DOI:10.1371/journal.pone.0121627 April 2, 2015 13 / 17
References
1. Mofitt T.Neuropsychology and self-reported early delinquency in an unselected birth cohort: a prelimi-
nary report from New Zealand. In: Moffitt T, Mednick S, editors. Biological contributions to crime causa-
tion. Boston, MA: Martinus Nijhoff; 1988. pp. 93–117.
2. Golden C, Jackson M, Peterson-Rohne A, Gontkovsky S. Neuropsychological correlates of violence
and aggression: a review of the clinical literature. Aggress Violent Behav. 1996; 1(1): 3–25. Available:
doi: 10.1016/1359-1789(95)00002-x
3. Elliott FA. The neurology of explosive rage. Practitioner. 1976; 217: 51–60. PMID: 995826
4. Elliott FA. Neurological findings in adult minimal brain dysfunction and the dyscontrol syndrome. J Nerv
Ment Dis. 1982; 170: 680–687. PMID: 7119768
5. Elliott FA. Violence: the neurologic contribution: an overview. Arch Neurol. 1992; 49:595–603. Avail-
able: doi: 10.1001/archneur.1992.00530300027006 PMID: 1596194
6. Moffitt T. The neuropsychology of delinquency: A critical review of theory and research ( Vol. 12). Chi-
cago, IL: University of Chicago Press; 1990.
7. Moffitt T. Adolescence-limited and life-course-persistent antisocial behaviour: a developmental taxono-
my. Psychol Rev. 1993a; 100: 674–701. doi: 10.1037/0033-295X.100.4.674 PMID: 8255953
8. Teichner G, Golden C. Neuropsychological impairment in conduct-disordered adolescents: a conceptu-
al review. Aggress Violent Behav. 2000; 5: 509–528. Available: doi: 10.1016/S1359-1789(98)00035-4
9. Baksheev G, Thomas S, Ogloff J. Psychiatric disorders and unmet needs in Australian police cells.
Aust N Z J Psychiatry. 2010; 44(11): 1043–1051. Available: doi: 10.1080/00048674.2010.503650
PMID: 21034188
10. Australian Bureau of Statistics. National Survey of Mental Health andWellbeing, 2007; (Cat. No.
4326.0) Canberra.
11. Teplin LA, Abram KM, McClelland GM, Dulcan MK, Mericle AA. Psychiatric disorders in youth in juve-
nile detention. Arch Gen Psychiatry. 2002; 59(12): 1133–1143. Available: doi: 10.1001/archpsyc.59.12.
1133 PMID: 12470130
12. Ulzen TP, Hamilton H. The nature and characteristics of psychiatric comorbidity in incarcerated adoles-
cents. Can J Psychiat. 1998; 43(1): 57–63. PMID: 9494748
13. Vreugdenhil C, Doreleijers TA, Vermeiren R, Wouters LF, Van Den Brink W. Psychiatric disorders in a
representative sample of incarcerated boys in the Netherlands. J Am Acad Child Adolesc Psychiatry.
2004; 43(1): 97–104. Available: doi: 10.1097/00004583-200401000-00019 PMID: 14691365
14. Angold A, Costello E.J. Depressive comorbidity in children and adolescents: empirical, theoretical, and
methodological issues. Am J Psychiatry. 1993; 150:1779–1791. PMID: 8238631
15. Loeber R, Keenan K. The interaction between conduct disorder and its comorbid conditions: effects of
age and gender. Clin Psychol Rev. 1994; 14: 497–523. doi: 10.1016/0272-7358(94)90015-9
16. McConaughy SH, Skiba RJ. Comorbidity of externalizing and internalizing problems. School Psych
Rev 1993; 22(3): 421–438.
17. Zoccolillo M. Co-occurrence of conduct disorder and its adult outcomes with depressive and anxiety
disorders: a review. J Am Acad Child Psychiatry. 1992; 31, 547–556. doi: 10.1097/00004583-
199205000-00024 PMID: 1592790
18. Nielssen OB, Westmore BD, Large MM, Hayes RA. Homicide during psychotic illness in New South
Wales between 1993 and 2002. Med J Aust. 2007; 186(6): 301–304. PMID: 17371211
19. Soyka M. Substance misuse, psychiatric disorder and violent and disturbed behaviour. Bri J Psychiatry.
2000; 176: 345–350. Available: doi: 10.1192/bjp.176.4.345 PMID: 10827882
20. Taylor P J. When symptoms of psychosis drive serious violence. Soc Psychiatry Psychiatr Epidemiol.
1998; 33(1): S47–54. Available: doi: 10.1007/s001270050209 PMID: 9857779
21. Scott H, Johnson S, Menezes P, Thornicroft G, Marshall J, Bindman J, et al.. Substance misuse and
risk of aggression and offending among the severely mentally ill. Br J Psychiatry. 1998; 172: 345–350.
Available: doi: 10.1192/bjp.172.4.345 PMID: 9715338
22. Robins LN, Price RK. Adult disorders predicted by childhood conduct problems: results from the NIMH
Epidemiologic Catchment Area project. Psychiatry. 1991; 54(2): 116–132. PMID: 1852846
23. Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior juvenile diagnoses in adults
with mental disorder: developmental follow-back of a prospective-longitudinal cohort. Arch Gen Psychi-
atry. 2003; 60(7): 709–717. Available: doi: 10.1001/archpsyc.60.7.709 PMID: 12860775
24. Narhi V, Lehto-Salo P, Ahonen T, Marttunen M. Neuropsychological subgroups of adolescents with
conduct disorder. Scand J Psychol. 2010: 51(3): 278–284. doi: 10.1111/j.1467-9450.2009.00767
Neuropsychiatry of Antisocial Youth
PLOS ONE | DOI:10.1371/journal.pone.0121627 April 2, 2015 14 / 17
25. Acosta M, Triana J, Chipatecua A, Fonseca L, Alonso D. Neuropsychological assessment of a preteen
with conduct disorder. Psychol Neurosci. 2012; 5(1): 47–55. Available: doi: 10.2922/j.psns.2012.1.07
26. Pajer K, Chung J, Leininger L, WangW, Gardner W, Yeates K. Neuropsychological function in adoles-
cent girls with conduct disorder. J Am Acad Child Adolesc Psychiatry. 2008; 4(47): 416–425. Available:
doi: 10.1097/CHI.0b013e3181640828 PMID: 18388764
27. Olvera R, Semrud-Clikeman M, Pliszka S, O’Donnell L. Neuropsychological deficits in adolescents with
conduct disorder and comorbid bipolar disorder: a pilot study. Bipolar Disord. 2005; 1(7): 57–67. Avail-
able: doi: 10.1111/j.13995618.2004.00167.x
28. Fairchild G, Van Goozen S, Stollery S, Goodyer I. Fear conditioning and affective modulation of the
startle reflex in male adolescents with early-onset or adolescence-onset conduct disorder and healthy
control subjects. Biol Psychiatry. 2008; 63: 279–285. doi: 10.1016/j.biopsych.2007.06.019 PMID:
17765205
29. Fairchild G, Van Goozen S, Goodyer I. Research Review: evaluating and reformulating the develop-
mental taxonomic theory of antisocial behavior. J Child Psychol Psychiatry. 2013; 54(9):924–940. doi:
10.1016/j.biopsych.2007.06.019 PMID: 23826820
30. Roisman G, Monahan K, Campbell S, Steinberg L, Cauffman E, The National Institute of Child Health
and Human Development Early Child Care Research Network. Is adolescence-onset antisocial behav-
ior developmentally normative? Dev Psychopathol. 2010; 22: 295–311. doi: 10.1017/
S0954579410000076 PMID: 21039896
31. Moffitt T (1993b). The neuropsychology of conduct disorder. Dev Psychopathol, 5: 135–151. doi: 10.
1017/S0954579400004302
32. Martell D. Estimating the prevalence of organic brain dysfunction in maximum security forensic psychi-
atric patients. J Forensic Sci. 1992; 37(3): 878–893. PMID: 1629682
33. Miller E. Brain injury as a contributory factor in offending. In: Glickson J, editor. The neurobiology of
criminal behavior. Dordrecht: Kluwer Academic; 2002. pp. 134–156. Available: doi: 10.1007/978-1-
4615-0943-1_6
34. Kroll L, Rothwell J, Bradley D, Shah P, Baiey S, Harrington R. Mental health needs of boys in secure care
for serious or persistent offending: a prospective, longitudinal study. Lancet. 2002; 359: 1975–1979.
Available: doi: 10.1016/S0140-6736(02)08829-3PMID: 12076552
35. Milin R, Halikas J, Meller J, Morse C. Psychopathology among substance abusing juvenile offenders. J
Am Acad Child Adolesc Psychiatry. 1991; 30: 569–574. Available: doi: 10.1097/00004583-199107000-
00007 PMID: 1890090
36. Kenny D, Lennings C. The relationship between head injury and violent offending in juvenile detainees.
Crime Just. 2007; 107: 1–15.
37. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al. Relationship of child-
hood abuse and household dysfunction to many of the leading causes of death in adults: The Adverse
Childhood Experiences (ACE) study. Am J Prev Med. 1998; 14: 245–258. Available: doi: 10.1016/
s0749-3797(98)00017-8 PMID: 9635069
38. Anda R, Felitti V, Bremner D, Walker J, Whitfield C, Perry B, et al. The enduring effects of abuse and re-
lated adverse experiences in childhood. A convergence of evidence from neurobiology and epidemiolo-
gy. Eur Arch Psychiatry Clin N. 2006; 256: 174–186. doi: 10.1007/s00406-005-0624-4 PMID:
16311898
39. Jeglum-Bartusch D, Lynam D, Moffitt TE, Silva PA. Is age important: testing general versus develop-
mental theories of antisocial behavior. Criminology. 1997; 35: 13–47. Available: doi: 10.1111/j.1745-
9125.1997.tb00869.x
40. Fonagy P. Early-life trauma and the psychogenesis and prevention of violence. Ann NY Acad Sci.
2006; 1036: 181–200. Available: doi: 10.1196/annals.1330.012
41. Keller M. Past, present, and future directions for defining optimal treatment outcome in depression.
JAMA. 2003; 289(23) 3152–3160. doi: 10.1001/jama.289.23.3152 PMID: 12813121
42. Fairchild G, Van Goozen S, Stollery S, Goodyer I. Fear conditioning and affective modulation of the
startle reflex in male adolescents with early-onset or adolescence-onset conduct disorder and healthy
control subjects. Biol Psychiatry. 2008; 63: 279–285. doi: 10.1016/j.biopsych.2007.06.019 PMID:
17765205
43. Scott EM, Hermens DF, Glozier N, Naismith SL, Guastella AJ, Hickie IB. Targeted primary care-based
mental health services for young Australians. Med J Aust. 2012; 196: 136–140. doi: 10.5694/mja11.
10481 PMID: 22304610
44. Scott E, Naismith SL, Whitwell BG, Hamilton B, Chudleigh C, Hickie IB. Delivering youth-specific men-
tal health services: the advantages of a collaborative, multi-disciplinary system. Australas Psychiatry.
2009; 17(3): 189–194. doi: 10.1080/10398560802657322 PMID: 19296265
Neuropsychiatry of Antisocial Youth
PLOS ONE | DOI:10.1371/journal.pone.0121627 April 2, 2015 15 / 17
45. American Psychiatric Association (2000) Diagnostic and statistical manual IV—TR. Washington, DC;
2000.
46. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SLT, et al. Short screening scales
to monitor population prevalences and trends in non-specific psychological distress. Psychol Med.
2002; 32: 959–956. PMID: 12214795
47. Kessler RC. Kessler’s 10 Psychological Distress Scale. Boston, MA: Harvard Medical School. 1996.
48. Lovibond S, Lovibond P. Manual for the Depression Anxiety Stress Scales 2nd ed. Sydney: Psycholo-
gy Foundation; 1995.
49. Henry J, Crawford J. The short-form version of the Depression Anxiety Stress Scales (DASS-21): con-
struct validity and normative data in a large non-clinical sample. Br J Clin Psychol. 2005; 44: 227–239.
Available: doi: 10.1348/014466505X29657 PMID: 16004657
50. Overall J, GorhamD. The Brief Psychiatric Rating Scale. Psychol Rep. 1962; 10: 799–812. Available:
doi: 10.2466/pr.0.1962.10.3.799
51. Hedlund JL, Vieweg BW. The Brief Psychiatric Rating Scale (BPRS): a comprehensive review. J Oper-
ational Psychiatry. 1980; 11: 48–65.
52. Dawe S, Loxton N, Hides L, Kavanagh D, Mattick R. Review of diagnostic screening instruments for al-
cohol and other drug use and other psychiatric disorders. 2nd ed.. Canberra: Commonwealth Depart-
ment of Health and Ageing; 2002.
53. Leucht S, Kane JM, KisslingW, Hamann J, Etschel E, Engel R. Clinical implications of Brief Psychiatric
Rating Scale scores. Br J Psychiatry. 2005187(4): 366–371. Available: doi: 10.1192/bjp.187.366
54. Spreen O, Strauss E. A compendium of neuropsychological tests: Administration, norms, and commen-
tary. 2nd ed. New York, NY: Oxford University Press; 1998. PMID: 17067774
55. The Psychological Corporation. WAIS-III-WMS-II technical manual. San Antonio, TX; 1997.
56. Jastak S, Wilkinson G. Wide Range Achievement Test—revised. Wilmington, DE: Jastak Assessment
Systems; 1984.
57. Kortte C, Horner M, WindhamW. The Trail Making Test, Part B: cognitive flexibility or ability to maintain
set? Appl Neuropsychol. 2002; 9: 106–109. Available: doi: 10.1207/S15324826AN0902_5 PMID:
12214820
58. Lezak M, Howieson H, Loring D, Hannay H, Fischer J. Neuropsychological assessment. 4th ed. New
York, NY: Oxford University Press 2004.
59. Benton A, Hamsher K, Sivan A. Multilingual aphasia examination. 3rd ed. Iowa City, IA; 1983.
60. Fray P, Robbins T, Sahakian B. Neuropsychiatric applications of CANTAB. Int J Geriatr Psychiatry.
1996; 11: 329–336.
61. Robbins T, James M, Owen A, Sahakian B, McInnes L, Rabbitt P. Cambridge Neuropsychological Test
Automated Battery (CANTAB): a factor analytic study of a large sample of normal elderly volunteers.
Dementia. 1994; 5: 266–281. PMID: 7951684
62. Sahakian B, Owen A. Computerized assessment in neuropsychiatry using CANTAB. J Roy Soc Med.
1992; 85: 399–402. PMID: 1629849
63. Robbins T, James M, Owen A, Sahakian B, Lawrence A, McInness L, et al. A study of performance on
tests from the CANTAB battery sensitive to frontal lobe dysfunction in a large sample of normal volun-
teers: implications for theories of executive functioning and cognitive aging. J Int Neuropsych Soc.
1998; 4: 474–490. Available: doi: 10.1017/S1355617798455073 PMID: 9745237
64. Wechsler D. A standardized memory scale for clinical use. J Psychol. 1945; 19: 87–95. Available: doi:
10.1080/00223980.1945.9917223
65. Gossop M, Darke S, Griffiths P, Hando J, Powis B, Hall W, et al. The severity of dependence scale
(SDS): psychometric properties of the SDS in English and Australian samples of heroin, cocaine and
amphetamine users. Addiction. 1995; 90: 607–614. Available: doi: 10.1111/j.1360-0443.1995.tb02199.
x PMID: 7795497
66. Cumming G. The new statistics: why and how. Psychol Sci. 2014; 25(7): 1–29. doi: 10.1177/
0956797613504966
67. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Lawrence Erlbaum Associ-
ates; 1988.
68. Cohen J. A power primer. Psychol Bull. 1992; 112(1): 155–159. doi: 10.1037/0033-2909.112.1.155
PMID: 19565683
69. Cambridge Cognition (n.d.) Cognitive assessment software: CANTAB. Available: http://www.camcog.
com/cantab-test.asp.
Neuropsychiatry of Antisocial Youth
PLOS ONE | DOI:10.1371/journal.pone.0121627 April 2, 2015 16 / 17
70. Moffitt TE, Caspi A, Harrington H, Milne BJ. Males on the life-course persistent and adolescence-limited
antisocial pathways: Follow-up at age 26 years. Dev Psychopathol. 2002; 14:179–207. PMID:
11893092
71. Fazel S, Grann M. Psychiatric morbidity among homicide offenders: a Swedish population study. Am J
Psychiatry. 2004; 161(11): 2129–2131. doi: 10.1176/appi.ajp.161.11.2129 PMID: 15514419
72. Hodgins S, Hiscoke UL, Freese R. The antecedents of aggressive behavior among men with schizo-
phrenia: a prospective investigation of patients in community treatment. Behav Sci Law. 2003; 21(4):
523–546. doi: 10.1098/rstb.2008.0034 PMID: 12898506
73. Farrington D, Ohlin L, Wilson JQ. Understanding and controlling crime. New York, NY: Springer-Verlag;
1986.
74. Morcillo C, Duarte C, Sala R, Wang S, Lejuez C, Kerridge B, et al. Conduct disorder and adult psychiat-
ric diagnoses: associations and gender differences in the U.S. adult population. J Psychiatr Res. 2012;
46(3): 323–330. doi: 10.1016/j.jpsychires.2011.10.012 PMID: 22172996
75. Duff K, Schoenberg M, Scott J, Adams R.The relationship between executive functioning and verbal
and visual learning and memory. Arch Clin Neuropsychol. 2004; 20(1): 111–122. doi: 10.1016/j.acn.
2004.03.003
Neuropsychiatry of Antisocial Youth
PLOS ONE | DOI:10.1371/journal.pone.0121627 April 2, 2015 17 / 17
